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1 .2 ,4-TRIAZOLOI 1 , 5-C 1FYRIMIDINE HETEROCYCLIC ANALOGUES 
HAVING ANTAGONISTIC ACTIVITY ON ADENOSINE A ; RECEPTOR 

The present invention relates to compounds having 
antagonistic activity on adenosine A 2 receptor. 

Adenosine is known to modulate a number of physio- 
logical functions. At the cardiovascular system level, 
5 adenosine is a strong vasodilator and a cardiac depres- 
sor. On central nervous system, adenosine induces seda- 
tive, anxiolytic and antiepileptic effects. On the re- 
spiratory system, adenosine induces bronchoconstric- 
tion. At the kidney level, it exerts a diphasic action, 
10 inducing vasoconstriction at low concentrations and va- 
sodilatation at high doses. Adenosine acts as a lipoly- 
sis inhibitor on fat cells and as an antiaggregant on 
platelets (Stone T.W. , Purine receptors and their phar- 
macological roles. In: Advances in drug research. Aca- 
15 demic Press Limited, 1989, 18, 291-429; Progress Car- 
diovasc. Ois. 1989, 32, 73-97). 

A number of studies showed adenosine actions are 
mediated by two subtypes of receptors which are located 
on the cell membrane: an high-affinity one, inhibiting 
20 the activity of the enzyme adenylate cyclase ( recep- 
tor), and a low-affinity one, stimulating the activity 
of the same enzyme (A 2 receptor) (J. Med. Chera. 1982, 
25, 197-207. Physiol. Rev. 1990, 70(3), 761-845. J. 
Med. Chem. 1992, 35, 407-422). 
25 Intense research efforts have made it possible to 

identify and develop analogs to adenosine able to inte- 
ract as agonists with the A^ and A 2 receptor. As far as 
the antagonists are concerned, it is known that some 
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compounds with a xanthine structure are selective anta- 
gonists for the receptor. 

(J. Med. Chem. , 1992, 25 , 407-422). New compounds 
of pharmacological interest which possess an high anta- 
5 gonistic action for the A 2 receptor have not yet been 
found. 

The knowledge available on the physiological role 
of adenosine and its involvement in some pathological 
processes suggests that selective antagonists for the 

10 A 2 receptor can be of pharmacological interest* At the 
level of the central nervous system, antagonistic A 2 
compounds should stimulate various cerebral functions 
and so possess antidepressive and stimulating proper- 
ties for the cognitive functions. Moreover, numerous 

15 data show that the A 2 receptors are present in high 
density in the basal ganglia of which the importance in 
the control of movement is known. Hence the hypothesis 
that A 2 antagonists can improve motor-deficiency due to 
neurodegenerative processes at the level of important 

20 cerebral nuclei. It follows that A 2 receptor anta- 
gonists could be useful in the treatment of neurodege- 
nerative pathologies. Amongst these are included 
Parkinson's disease, senile dementia as in Alzheimer^ 
disease and psychosis of an organic origin (Drug Dev. 

25 Pes,, 1993, 28, 381-385). 

At a peripheric level, A 2 receptor antagonists 
could stimulate the respiratory functions and therefore 
have a therapeutic effect in the treatment of broncho- 
spasm and more generally asthma. Moreover, with regard 
30 to the effects at a cardiovascular or renal level, an 
advantageous activity on renal flow can be envisaged 
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and therefore the possibility of the treatment of renal 
insufficiency and of various cardiovascular disturban- 
ces. 

Some reference compounds interacting with A 2 re- 
5 ceptor, even though in a not selective way, are known. 

5-Amino-9-chloro-2 ( 2 -f uryl ) 1 , 2 , 4-tr iazolo [1,5- 
clguinazoline, named CGS 15943 (J. Med. Chem. , 1988, 
31, 1014-1020) and 4-amino-8-chloro-l-phenyl ( 1 , 2,4)- 
triazolo(4 ,3-a)guinoxaline, named CP 66,713 (J. Med. 
10 Chem., 1990, 33, 2240-2254) are compounds having a good 
affinity for A 2 receptor, but also active on A^ re- 
ceptor. Only recently, xanthine derivatives have been 
found, e.g. (E)-l,3-dialkyl-7-methyl-8-(3,4 ,5-trimetho- 
xystyryl) xanthines (J. Med. Chem., 1992, 35, 2342- 
15 2345), which seem to have a selective antagonistic 
activity on A 2 receptors. However, the pharmacological 
profile thereof is unknown. 

The compounds of the invention have the following 
general formula I: 



20 



25 




I 

in which: 

A is a pyrazole, imidazole or triazole ring; 
30 R is hydrogen; C^Cg alkyl ; C 3 -C ? alkenyl, C3-C7 
alkynyl; C 3 -c ? cycloalkyl; C x -C 5 alkyl substituted with 
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10 



one or more halogen atoms, hydroxy groups, Cj-c 4 
alkoxy, C 3 _c 7 cycloalkyl, groups of formula -NR 1 R 2 » 
-CONRjRj; aryl optionally substituted with halogen 
atoms, C 1 -C 4 alkoxy groups, C!-C 4 alkyl, nitro, amino, 
cyano, C^c^ haloalkyl, C L -C 4 haloalkoxy, carboxy, car- 
boxyamido; C 7 -c 10 aralkyl in which the aryl moiety can 
be substituted with one or more of the substituents in- 
dicated above for the aryl group; a group of formula 
-(CH^> -Het. wherein Bet is a 5-6 membered aromatic or 
non aromatic heterocyclic ring containing one or more 
heteroatoms selected from N, 0, S and m is an integer 
from 1 to 5; 

R lt R 2 which are the sams or different ' are hydrogen, 
Cj-c 5 alkyl, C 7 -C 10 aralkyl, phenyl, or taken together 
15 with the nitrogen atom they are linked to, they form an 
azetidine ring or a 5-6 membered heterocyclic ring con- 
taining one or more heteroatoms such as R, 0, S and n 
is an integer from 2 to 5, with the proviso that, when 
A is a pyrazole or imidazole, R is different from 

20 fluorobenzyl. 

The disclaimed compounds are disclosed in Eur. J. 

Med. Chem., 1993, 28, 569-576, 

The invention also comprises the pharmaceutically 
acceptable salts of the compounds of general formula I. 
25 The possible meanings of A can be represented by 

the following structural formulae: 



30 



WO 95/01356 



PCT/EP94/02031 



R 




t— N T 




\ 



In compounds of formula I, examples of C^-Cg alkyl 
10 groups comprise preferably methyl, butyl and isopentyl. 

Examples of C^.c^ cycloalkyl groups are cyclo- 
propyl, cyclopentyl, cyclohexyl. 

Examples of C^-Cg alkyl groups substituted with 
C 3~ c 7 cycloalkyl groups are eye lohexy line thy 1, cyclo- 
15 pentylmethyl, 2-cyclopentylethyl ♦ 

Examples of substituted C^-C 5 alkyl groups com- 
prise 2-hydroxyethyl , 2 -methoxy ethyl , trif luorome thyl , 
2-f luoroethyl, 2-chloroethyl , 3-aminopropyl , 2- (4- 
me thy 1- 1 -piper a 2 ine ) e thyl , 2 - ( 4 -morphol inyl)ethyl # 2 - 
20 aminocarbonylethyl, 2-dimethylaminoethyl, 3-dimethyla- 
minopropyl. Aryl is preferably phenyl, optionally sub- 
stituted with chlorine, fluorine atoms, methoxy, nitro, 
cyano, methyl, trif luorome thyl , dif luoromethoxy groups. 
Examples of 5-6 membered heterocyclic groups containing 
25 N f O, S comprise piperazinyl, morpholinyl, thiazolyl, 
pyrazolyl, pyridyl, furyl, thienyl, pirrolyl, tria- 
zolyl, tetrazolyl. Examples of C 7 -c 10 aralkyl groups 
comprise benzyl or phenetyl optionally substituted by 
one or more substituents selected from chlorine, 
30 fluorine atoms, methoxy, nitro, cyano, methyl, trifluo- 
romethyl, dif luoromethoxy groups. 
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Preferably, R is hydrogen, Cj-Cg alkyl, aryl or 
C 7 -C 10 aralkyl optionally substituted, preferably with 
halogen atoms. 

Particularly preferred compounds I are those in 
5 which R is a phenetyl group in which the phenyl ring 
may optionally be substituted by one or more 
substituents selected from chlorine, fluorine atoms, 
methoxy, nitro, cyano, methyl, trifluoromethyl, 
dif luoromethoxy groups. 
10 The compounds of general formula I have 

advantageous biochemical and functional properties 
related to their antagonistic action on the 
A 2 adenosine receptor, compared with the reference 
compounds CGS 15943 and ( 5-amino-8-(4-f luorobensyD-2- 
15 (2-furyl)-pyrazolo [4,3-e]-l,2,4-triazolotl,5-c]pyri- 
midine), disclosed in Eur. J. Med, Chem., 1993, 28, 
569-576 and hereinafter referred to as 8FB-PTP. The 
effects of the disclosed A 2 receptor antagonists may be 
demonstrated in one or more of the following standard 
20 in vitro and/or in vivo tests. 
IK VITRO TESTS 
Receptor binding 

This test involves the ability of adenosine 
antagonists to displace radiolabeled agonists from 
25 h 1 and A 2 adenosine binding sites in membrane 
preparations from rat brain. 

The rat cerebral tissue (whole brain and striatum) 
was from male Sprague-Dawley rats weighing 150-200 g. 
Aj and A 2 receptor binding assays were performed 
30 according to Bruns et al. (Proc. Natl. Acad Sci. 
U.S.A., 1980, 77, 5547-5551) and Jarvis et al. (J. 
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Pharmacol. Exp. Ther., 1989, 251, 888-893), using 
[3H)N6-cyclohexyladenosine { [3H]CHA) and [3H]2-[p-(2- 
carboxy ethyl ) -phenetyl amino ] -5 1 -N-ethy lcarboxamido- 
adenosine ([3H]CGS 21680) as radioligands, 

5 respectively* 

The test compounds were dissolved in 
dimethylsulphoxide (DMSO) and then diluted with assay 
buffer to give the test solutions. The final 
concentration of DMSO did not exceed 1% by volume, at 

10 which level it did not affect radio ligand binding to 
the membrane receptor. 

The selectivity for A 2 receptors was evaluated by 
comparing the affinities of each compound for A^ and A 2 
receptors. A marked relationship between binding 

15 affinities and physiological effects modulated by 
adenosine receptors has been demonstrated elsewhere 
(Conti et al. # Naunyn-Schmied. Arch. Pharmacol. 1993 , 
348,108-112). 

The disclosed compounds, described in formula I, 
20 have marked A 2 receptor affinity with Ki values ranging 
from 1 nM to 100 nM (Table). Moreover, some compounds 
show A 2 versus Aj selectivity higher than that of the 
reference compounds CGS 15943 and 8FB-PTP • In 
particular, compound 341 has a selectivity for A 2 
25 versus A^ receptors of about 50-fold. 
Rat aorta and bovine coronary artery 

The A 2 adenosine antagonistic activity of these 
compounds was investigated by evaluating their ability 
to counteract vasodilation induced by adenosine 
30 agonists in vascular tissues, such as rat aorta and 
bovine coronary arteries, after precon traction with 3yM 



WO 95/01356 



PCT/EP94/02031 



of prostaglandin F2^ . The method used to test 
adenosine agonists is described elsewhere {Conti et 
al. ,Naunyn-Schraied. Arch* Pharmacol., 1993, 348, 108- 
112). Cumulative dose-response curves were constructed, 
5 using increasing concentration of NECA (1 nM-10 uM), in 
the absence or presence of the antagonist. 

Many of the test compounds, at concentrations 
ranging from 0*03 to IjjM, were able to shift to the 
right the dose-response curves of the agonist in a 
10 concentration-dependent manner. 
Rat atria 

The ability of the disclosed compounds to 
antagonize the negative chronotropic effect induced by 
Aj^ receptor agonists was tested on isolated rat atria, 

15 whose beating rate is known to be modulated by 
A x adenosine receptors. The method used to test 
adenosine agonists is described elsewhere (Conti et 
al., Naunyn-Schmied. Arch. Pharmacol., 1993, 348, 108- 
112). The decrease in atrial rate evoked by cumulative 

20 addition of the selective agonist, 2-chloro- N 6- 

cyclopentyladenosine (CCPA) was measured. The dose- 
response curves of the agonist was then repeated in the 
presence of the antagonist. The receptor selectivity of 
test compounds can be evaluated by comparing the 

25 activities of each compound in antagonizing either 
A 2 (vasodilation)- or A x (heart rate) -mediated 

responses. 

Some of the disclosed compounds were found to have 
little or no effects on the A^mediated response in 
30 isolated rat atria. Inparticular , compound 341 is 
ineffective in this functional model, thus confirming 
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10 



its A 2 versus A L selectivity observed from binding 
studies. 
IN VIVO TESTS 
Behavioral effects 

The behavioral response to treatment with 
different doses (ranging from 1 to 100 tng/Kg) of the 
test compounds administered parenterally were evaluated 
in Swiss mice using the classic "Irwin test" (Irwin, 
Psychopharmacologia, 1968 13, 222-257). Behavior, 
autonomic and neurological functions of the animals 
were assessed through 36 different parameters evaluated 
during observation sessions at 1, 2, 4 and 6 h after 
drug administration. The animals were observed until 
24 h after administration for checking mortality. 
!5 The test compounds produced no mortality and only 

tended to stimulate central nervous system activity. 
Hemodynamic tests 

in adult male spontaneously hypertensive rats, 
some of the disclosed compounds were administered 
parenterally at increasing doses (1-30 mg/Kg) and their 
ability in antagonizing the bradycardic and hypotensive 
effects induced by h 1 and A 2 adenosine receptor 
agonists, respectively, was measured. Systolic blood 
pressure and heart rate were measured in conscious 
25 animals by the tail-cuff method as described elsewhere 
(Monopoli et al.. Arch. Int. Pharmacodyn. Ther., 1987, 

286, 246-254). 

The test compounds antagonize hypotension induced 
by A 2 agonists with a potency similar or higher than 
that of the reference compounds CGS 1594 3 and 8FB-PTP, 
whereas some of them antagonize the 



20 



30 
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10 



10 



15 



20 



25 



30 



Aj-mediated responses slightly and only at higher 
doses. 

TABLE - BIOLOGICAL ACTIVITY OF A SERIES OF NEW A2 
ADENOSINE RECEPTOR ANTAGONISTS 





Binding 


a 


Selectivity 




A l 


A 2 


A 1 /A 2 




Ki (nM) 






DCPCX 


1.5 


727 


0. 002 


CGS 15943 


6.4 


1.2 


5.3 


8FB-PTP 


3.3 


1.2 


2.8 


N» 292 


237 


9.0 


26.3 


N* 294 


31.2 


2.4 


13.0 


N» SP 319 


120 


12.6 


9.5 


K° SP 320 


5.8 


1.9 


3.1 


N« SP 340 


61.5 


13.8 


4.4 


N« SP 341 


123 


2.4 


51.3 


N* SP 363 


18.6 


2.6 


7.2 


N" SP 375 


4.7 


1.5 


3.2 


N» SP 376 


42.6 


7.1 


6.0 



in rat 



is 



homogenates or [ 3 H]CGS 2168D binding (A 2 ) 

striatal homogenates- 

DPCPX ( 8-cyc lopen tyl- 1 , 3-dipropylxan thine ) 
standard A^ selective antagonist (Bruns et al., 
Naunyn-Schnded. Arch, Pharmacol., 1987, 335, 59- 
63) • 

CGS 15943 (5-amino-9-chloro-2-(2-furyl) 1,2,4- 
triazolo[l,5-c]quinazoline is a reference slightly 
selective A2 antagonist (Francis et al., 1988, J. 
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Med. Chem., 31, 1014-1020). 

8FB-PTP (5-amino-8-(4-fluorobenzyl )-2-(2-furyl)- 
pyrazolo 1 4 , 3-4e ] -1 , 2 ,4-triazolo[ 1 , 5-c Jpyrimidine ) 
is a reference slightly selective A2 antagonist 
5 (Gatta et al. , Eur. J. Med. Chem., 1993, 28, 569- 

576). 

For the envisaged therapeutical uses, compounds I 
will be formulated as suitable pharmaceutical composi- 
tions, which can be administered, for example, by the 
10 oral, parenteral or transdermal routes, using known 
techniques and excipients, as described for example in 
Remington's Pharmaceutical Sciences Handbook, Mack Pub. 
Co., NY, USA, XVII ed. The daily dosage will depend, of 
course, on many factors (severity of the pathology to 
15 treat, patient conditions, toxicology and pharmacokine- 
tic of the selected compound) but generally it will 
range from 0,01 to 10 mg/kg body weight, preferably 
from 0,1 to 1 mg/kg, optionally subdivided in more ad- 
ministrations. Examples of pharmaceutical compositions 
20 comprise capsules, tablets, solutions, syrups, vials, 
control led-release forms, transdermal forms (cerotti) 
and the like. 

The compounds of the invention were prepared ac- 
cording to the synthetic schemes reported below. 
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Scheme I 



10 



15 



20 



25 



30 



m 




// M 



■€(.; 



VI 




vn 



*0O 



IV 



OEt 



B 



t 




N — A 



Reagents: A) triethyl orthofonnate; B) 2-furoic acid 
hydrazide, 2-methoxyethanol; C) PhOPh, 260«C; D) 10% 
HC1, under reflux* B) cyanamide, pTsOB, N-methylpyr- 
rolidone 
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Scheme II 



10 



15 



-(EC 



in 




20 Reagents: F) furoic acid hydrazide, diphenylether ; E) 
cyanamide, pTsOH, N-methylpyrrolidone. 

The compounds of formula I of the invention can be 
prepared through either an indirect route described in 
Scheme I or a direct route described in Scheme IX. 

25 Suitable starting materials for both schemes are 

the heterocyclic ortho-amino nitriles of formula III, 
generally prepared according to synthetic procedures 
known in literature and reported in the book by 
E.C.Taylor and A.McKillop (vol. 7 of the series Advan- 

30 ces in Organic Chemistry, Ed. Interscience , 1970). 
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14 
CN 

m 

NH~ 



Ortho-araino nitriles III are transformed into the 
5 corresponding imidates of formula IV by reaction with 
an ethyl orthoformate excess at the reflux temperature 
for 8-10h, The reaction, after evaporation of the ethyl 
orthoformate, leads to the substantially pure corre- 
sponding imidates IV in a high yield as evidenced by 
10 the IB and 1 H NMR analysis on the crude reaction pro- 
ducts. 

CN 



«=< 

OEt 



IV 



The imidates of formula IV are then subjected to a 
sequence of two reactions allowing to obtain the tricy- 
clic structures of formula VI in a high yield. 

20 ^ 




25 

VI 

The reaction sequence comprises: a) reaction with 
2-furoic acid hydrazide in a 2-raethoxyethanol solution 
at the reflux temperature for 8-lOh, to obtain the in- 
30 termediates compounds of formula V; b) thermal cycliza- 
tion of the latter to corresponding compounds of for- 
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mula VI, by heating in diphenyl ether at the tempera- 
ture of 260 # C for 0.5-lh. 

The tricyclic compounds VI are then hydrolyzed 
with 10% HC1 at the reflux temperature for l-3h to give 
5 triazoles VII, which are finally cyclized to desired 
compounds I with cyan amide in N-methyl pyrrol idone at 
the reflux temperature and in the presence of para-to- 
luenesulf onic acid (Scheme I). i 



10 




vn i 

In some cases, triazoles VII can be obtained di- 
rectly heating in diphenyl ether ortho-amino nitriles 
III with 2-furoic acid hydrazide. Triazoles VII are 
20 then cycli2ed as described above (Scheme II). In the 
following schemes III, IV and V, the synthesis of the 
compounds I in which A is a triazole ring is reported 
in more detail* 



WO 95/01356 



PCT/EP94/0Z031 



16 



Scheme III 

Synthesis of S-araino-7-substituted-2(2-f uryl )-l . 2 , 3- 
triazolo [5,4-6)1,2, 4- triazolo f 1 , 5-c Jpyrimidine deri va- 
tives 



10 



15 



20 



R - H 3 + 



COKH 2 K 2 C0 3 



CN 




N 

N J H 
R 



NH 2 -CM 



DHSO 



PhOPh 
260'C 



N — s 

<x 



CONH- 



N 
/ 



POClj 
DMF ,' O'C 



J 1 NH, 



P 



H-methylpyrrolidone^ 160*C 



25 



30 




OCT 
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Scheme IV 

Synthesis of 5-amino-8-substituted-2 (2-f uryl ) -1 ,2 , 3- 
triazolot 5 , 4-e] 1 , 2 , 4-triazolol 1 , 5-c Jpyriraidine deriva- 
tives 



Me 




S0 2 N 3 + 



/ CN NaOH 

v > 



CN 0«C 



<x 

/ 

H 



CN 



NHS0 2 C ? H 7 



10 



2 ov 4 cone. 
-15 »C 



15 



20 



25 



^ssk K 2 C0 3, DMF H T 

NH, 80'C 



A,B 



/ NH- 
H 2 



P 



» NB-> 



30 Reagents: A) furoic acid hydrazide, PhOPh, 260«C, B) 
NH 2 CN, pTsOH, N-methylpyrrol idone . 
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Scheme V 

Synthesis of 5-amino-9-substituted-2(2-furyl )-l ,2 , 3- 
triazolot 5 ,4-e 11 , 2 , 4-triazolo( 1 ,5-c)pyriroidine deriva- 
tives 



5 

Me 



~-(Vs0 2 N3 + 



< 



CN 



CN 



~ <x 



NaOH 
0 



CN 



H 



nhso 2 c 7 h : 



10 



RC1 

NaH, DMF 
80«C 



15 



N-V 



CN 



NH. 



H 2 S0 4 cone. 
-15'C 



NHS0 2 C 7 H 7 



20 



25 



I 



c6r 



N NH- 



30 Reagents: A) furoic acid hydrazide, PhOPh, 260 "C, B) 
NH-CN , pTsOH, N-methylpyrrolidone. 
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The following examples illustrate the invention in 
more detail. 

Example 1 

According to the procedures described in J. Org. 
5 Chenu 1956, 21, 1240; J. Am. Chem. Soc. 1956, 78, 784 
and the references herein cited, the following com- 
pounds are prepared, starting from commercially availa- 
ble ethoxy-methylene malondini trile and Nl-substituted 
hydrazines, which also are mainly commercially availa- 
10 ble: 

l-methyl-4-cyano-5-aminopyrazole 
l-n-butyl-4-cyano-5-aminopyrazole 
l-isopentyl-4-cyano-5-aroinopyra20le 
l-(2-cyclopentyl)ethyl-4-cyano-5-aminopyrazole 

!5 i-hydroxyethyl-4-cyano-5-aminopyrazole 
l-phenyl-4-cyano-r5-aminopyrazole 
l-tert-butyl-4-cyano-5-aminopyrazole . 
l-phenylethyl-4-cyano-5-aminopyrazole 
l-(2-chlorophenyl)-4-cyano-5-aminopyrazole. 
20 Example 2 

Starting from 4-cyano-5-aminopyrazole , prepared 
according the procedure reported in Chem. Pharm. Bull. 
1970, 18, 2353 or in J. Heterocyclic Chem. 1979, 16, 
1113, 1-substituted 4-cyano- 3-aminopyrazoles can be 
25 prepared by direct alkylation with the corresponding 
alkyl halide in diraethylf ormamide at 80 °C for l-2h in 
the presence of anhydrous potassium carbonate. From the 
reaction mixture, containing the two and N 2 

alkylated position isomers in an about 1:2 ratio, the 
30 N 2 isomer can be isolated by a single crystallization 
or column chromatography on silica gel eluting with 
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ethyl acetate and petroleum ether mixtures. Using said 
procedures, the following compounds were prepared: 
l-methyl-4-cyano-3-aminopyrazole 
l-butyl-4-cyano-3-aminopyrazole 
l-benzyl-4-cyano-3-aminopyrazole 
l-isopentyl-4-cyaoo-3-aminopyrazole 
l-phenylethyl-4-cyano-3-aminopyrazole 

Example 3 

a) A suspension of anhydrous potassium carbonate (30 
nunols) in DMF (50 ml) is added with 3-amino-4-cyano- 
pyrazole (20 mmols), heating to a temperature of 80*C 
for 30 minutes. The suspension is added with phenethyl 
bromide (25 mmols) and is heated to 80«C for 2h. After 
cooling to room temperature, the mixture is evaporated 
15 to dryness under vacuum and the resulting residue is 
taken up with distilled water (100 ml) and extracted 
with ethyl acetate (3 x 50 ml). The combined organic 
extracts are dried over anhydrous sodium sulfate and 
evaporated to dryness under vacuum. 
20 The resulting residue consists of a 1:3 mixture of 

l-phenylethyl-4-cyano-5-aminopyrazole (20%) and of 1- 
phenylethyl-4-cyano-3-aminopyrazole (60%) which may be 
used as such in Example 4 or chromatographed on silica 
gel column eluting with an ethyl acetate /hexane mixture 
25 to give: 

l-phenylethyl-4-cyano-5-aminopyrazole m.p. 172-173 »C; 
( 20%) ; 

ifl-NMR (DMSO-d 6 ): 3.04 <t, 2H>; 4.12 (t, 2H) ; 5.85 (sb, 
2H) 5 7.21-7.30 (m, 5H) ; 7.41 (s, 1H); e 1-fi- 
phenylethyl-4-cyano-3-aminopyrazole m.p. 98-100 °C 
(60%); ^H-NMR (C0C1 3 ): 3.07 (t, 2H) ; 4.10 <t, 2H) ; 4.23 
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(sb, 2H); 7.17 <s, IB); 7.00-7.28 (m, 5H). 
b) a solution of i-a-phenylethyl-4-cyano-5- 
aminopyrazole (20 mmoUin triethylorthoformiate (40 ml) 
is refluxed under nitrogen for 8 h. 

The excess orthoformiate is evaporated to dryness 
under vacuum and the residual yellow oil is dissolved 
in ethyl ether and percolated onto silica gel to give 
the corresponding iminoether (87? yield). The residue 
obtained after orthoformiate evaporation is practically 
pure and is directly used in the following step. A 
solution of the iminoether (20 mmol) and of 2-furoic 
acid hydrazide (2.5 g, 22 mmol) in 2-methoxyethanol (50 
ml) is refluxed for 5-10 h. After cooling, the solution 
is evaporated to dryness to give an oily residue which 
is subjected to thermal cyclization in diphenylether 
(50 ml) using a .Dean-Stark apparatus so as to 
azestropically remove water formed during the reaction. 
After 1.5 h, the reaction is checked in TLC (ethyl 
acetate :petroleum ether 2:1) and when the starting 
compound is completely absent, the mixture is cooled 
and added with hexane. The resulting precipitate is 
filtered and crystallized to give 7-(B-phenylethyD- 
2<2-furyl)-pyrazoloI4,3-e31,2 f 4-tria Z olell,S-c]pyrimi- 

dine m.p. 174-175'C (20%) 1H-NMR (DMSO-d g ) : 3 .23 (t,2H); 
4.74 <t, 2H); 6.75 (s. 1B)| 7.14-7.17 (m. SB) ; 7.28 (s, 
1H); 7.98 (s, 1H) i 8.53 (s, 1H); 9.56 (s, 1H). 

In a similar way, starting from l-B-phenylethyl-4- 
cyano-3-amino P yrazole, 8-( B -phenylethyl)-2(2-furyl)- 

pyrazolo[4.3-e]1.2,4-triazoleIl,5-c]pyrimidine m.p. 
268-270«C (60%) 1R-NMR (DMSO-dg): 3.32 (t, 2H) ; 4.72 
(t. 2H); 6.73 (s, 1H), 7.23 (m, 5H) ; 7.95 (S. 1H); 8.8 
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(s, 1H); 9.41 (s, 1H) is obtained. 

c) A suspension of a compound VI of step b) (10 mmol) 
in 10% BC1 (5.0 ml) is refluxed under stirring for 3 h. 
After cooling, the solution is alkalinized with 
concentrated ammonium hydroxide at 0'C and the 
resulting precipitate is filtered or extracted with 
ethyl acetate (3 x 100 ml), dried and evaporated to 
dryness under vacuum, to give the corresponding l-(6- 
phenylethy 1 ) -4- [ 3 ( 2-furyl ) -1 . 2 , 4-triazol-5-yl 1 -5-amino- 
pyrazole m.p. 175-176'C; 1 B-HMR (DMSO-dg) : 3.15 (t, 2H); 
4.48 (t, 2H); 5.78 <s. 1H) , 6.37 (s, 1H); 6.68 (s, 1H) ; 
7.1 (s, 1H); 7.27-7.28 (m, 5H) ; 7.82 (s, 1H) ; 14.51 
(sb, 2H): in a similar way l-(B-phenylethyl)-4-[3(2- 
furyl)-l,2,4-triazol-5-yl]-3-aminopyrazole (m.p. 205- 
15 206'C); 1H-NMR (DMSO-dg): 3.12 (t, 2B); 4.46 (t, 2H) ; 
5.75 (b, 1H); 14.41 (sb, 2H) is obtained, 
d) cyanamide (60 mmol) is added to a suspension of an 
amine of formula VII prepared in step c) (10 mmol) in 
H-methylpyrrolidone (40 ml) followed by p- 
20 toluensulf onic acid (15 mmol). 

The mixture is heated to 160-C under stirring. After 4 
h a second portion of cyanamide (60 mmol) is added and 
heating is continued overnight. The mixture is then 
treated with hot water (200 ml) and the precipitate is 
filtered, washed with water and crystallized from 
ethanol to give the corresponding 5-amino-7-(B- 
phenylethyl) -2- (2-furyl ) -pyrazolo! 4 , 3-e ] -1 , 2 , 4-triazo- 
leri,5-c)pyrimidine m.p. 225-226«C 1H-NMR (DMSO-dg): 
3.21 (t, 2B); 4.51 (t, 2H) ; 6.65 (s, 1H) ; 7.1-7.44 (m, 
5H, arom and 1H) ; 7.78 (s, IE) ; 7.89 (sb, 2H); 8.07 <s, 
1H) (Compound 341): in a similar way 5-amino-8-(S- 
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phenylethyl ) -2- ( 2 -f uryl ) -pyrazolo[ 4 , 3-e J -1 , 2 , 4 -tr iazo- 
letl,5-c]pyrimidine in. p. 212-213 °C 1H-NMR (DMSO-d 6 ): 
3.21 (t, 2H); 4.53 (t, 2H) ; 6.7 (s f 1H); 7.1-7.4 (re, 
5H, arom and 1H) ; 7.65 (sb, 2H) ; 7.93 (s, 1H) ; 8.45 (s, 
5 1H) (Compound 375) is obtained. 

Example 4 

A suspension of potassium carbonate (0.23 mole) in 
DMSO (70 ml) is added subsequently with cyanoacetamide 
(70 mmols) and p-f luorobenzylazide (54.5 mmols). The 
.0 resulting solution is stirred at room temperature for 
lh and then poured into a large volume of water (1.5 
1). The separated solid is filtered, washed with water 
and dried in oven at 70«C to give l(p-f luorobenzyl )-4- 
carboxamido-5-areino-l,2,3-triazole (96% yield). 
L5 M.p.: 198-199°C; X H NMR (DMSO-d g ): 7.5-7.1 (re,6H)j 6.4 
(s,2B); 5.4 (s,2H). 

An amide suspension (0.005 mole), stirred and coo- 
led to 0*C, in DMT (5 ml) is added with phosphorous 
oxychloride (0.01 mole). The resulting solution is 
20 stirred for 5 minutes at 0»C, 10 minutes at 25 *C and 15 
minutes at 80 *C. After cooling to room temperature, 5 
ml of N HC1 are added and the mixture is refluxed for 5 
minutes . 1 (p-Fluorobenzyl ) -4 -cyano-5-amino-l , 2 , 3-tria- 
zole separates from the cooled solution (90% yield). 
25 M.p. 185-186-C; NMR (DMS0-d g ): 7.3-7.0 (m,6H); 5.5 

(s,2H); IR (KBr ) : 3400, 3220, 2220, 1655 cm-1. 

Analogously, the following compounds were prepa- 
red: 

1- or 2-benzyl-4-cyano-5-amino-l,2,3-triazole 
30 1- or 2-(o-fluorobenzyl)-4-cyano-5-amino-l,2,3-triazole 
1- or 2- (p-f luorobenzyl )-4-cyano-5-amino-l, 2, 3-triazole 
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1- or 2-butyl-4-cyano-5-amino-l,2,3-triazole 
1- or 2-ieopentyl-4-cyano-5-araino-l,2,3-triazole 
1- or 2-(2-methoxyethyl)-4-cyano-5-amino-l,2 f 3-triazole 
1- or 2-heptyl-4-cyano-5-amino-l,2,3-triazole 
5 1- or 2-octyl-4-cyano-5-amino-l ,2,3-triazole. 

Example 5 

The preparation of ethoxymethyleneamino heterocy- 
cles of formula TV is performed refluxing the respec- 
tive ortho-aminonitrile with ethyl orthoformate. By way 

10 of example, the preparation of 4-cyano-5- (ethoxyme- 
thyleneamino) -1-butylpyrazole is reported. 

A solution of 4-cyano-5-amino-l-butylpyrazole (20 
mmols) in triethyl orthoformate (40 ml) is heated to 
the reflux temperature under nitrogen atmosphere for 

15 8h. The orthoformate excess is evaporated to dryness 
under vacuum and the .residual yellow oil is dissolved 
in ethyl ether and eluted through silica gel to give 
the pure compound (87> yield). In many cases, the resi- 
due obtained after evaporation of the orthoformate is 

20 substantially pure and is used as such in the subse- 
quent step. 

IR (nujol)t 3140, 2240, 1640 cra-1; X H NMR (CDC1 3 ) : 8.4 
(S,1H); 7.9 (s,lH); 4.5 (t,2H); 4.3 (q,2H); 1.8 (m,2H) ; 
1.5 (m,2H); 1.4 (t,3H)j 0.9 (t,3H). 

25 Example 6 

A solution of the ethoxymethyleneamino heterocycle 
(20 mmols) and 2-furoic acid hydrazide (2.5 g, 22 
mmols) in 2-methoxyethanol (50 ml) is refluxed for 5- 
lOh. After cooling, the solution is evaporated to dry- 

30 ness to obtain a residual oil which is subjected to 
thermal cyclization in diphenyl ether (50 ml) using a 
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round-bottom flask fitted with a Dean-Stark apparatus, 
to remove azeotropically the water formed during the 
reaction. After varying times (3-5h) the reaction is 
checked by TLC (2:1 ethyl acetate tpetroleum ether) and 
5 when the whole starting product has disappeared, the 
mixture is cooled and added with hexane. The resulting 
precipitate is filtered and crystallized from the sui- 
table solvent. In some cases, from the solution a vi- 
scous oil separates which is decanted and subsequently 

10 extracted. The oily residue is then chroma tographed on 
silica gel, eluting with ethyl acetate/petroleum ether 
mixtures, to give the tricyclic compound VI. 

By way of examples, the analytical and spectrosco- 
pical characteristics of some compounds prepared by 

15 these procedures are reported: 

7- butyl-2 ( 2-f uryl ) -pyrazolo [4 , 3-e ] 1 , 2 , 4- triazolo t 1 , 5- 
clpyrimidine. 

X H NMR (DMSO-d 6 ): 9.6 (s,lH); 8.6 (s,lH); 8.0 (m,lH); 
7.4 <m,lH); 6.7 (m,lH); 4,5 (t,2H); 1.9 (m,2H>; 1.3 

20 (m,2H); 0.9 (t,3H). 

8- butyl-2(2-furyl)-pyrazolo[4,3-e]l,2,4-triazolo[l,5- 

c Jpyrimidine. 

X H NMR (0MS0-d 6 ) : 9.4 (s,lH); 8.9 <s,lH); 8.0 (m,lH); 
7.3 (m,lH); 6.2 (m,lH); 4.5 (t,2H); 1.9 (m,2H); 1.3 
25 (m,2H); 0.9 (m,3H). In the 2D-NMR ( NOBS Y ) spectrum, the 
N-CH2 signal resonating at 4.5 shows cross peaks with 
the C9-R signal resonating at 8.9. 
7-isopentyl-2(2-furyl)-pyrazolo[4,3-e]l,2,4-tria- 

zolo( 1 , 5-c Ipyrimidine . 
30 l B NMR (CDC1 3 ) : 9.1 (s,lH); 8.8 (s,lH); 7.7 (m,lH); 
7.3 (m,lH); 6.6 (m,lH); 4.6 (t,2H); 1.18-1.7 (m,3H); 
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1.0 (d,6H). 

8-isopeotyl-2<2-furyl)-pyrazolo[4.3-e]l,2,4-tria- 
zolol 1 , 5-c Jpyrimidine . 

9.1 (s,lH); 8.8 (s,lH); 7.7 <m,lH) 5 7.3 <m,lB); 6.6 
5 <m,lB); 4.6 <t,2H); 1-9-1.3 (m.3H); 1.0 <d.6H). 

Following this procedure, the following compounds 
were prepared: 

7-methyl-2(2-furyl)-pyrazolo[4.3-e]l,2,4-triazolo[l,5- 
c Jpyrimidine 

10 8-methyl-2<2-furyl>-pyrazolo[4.3-eJl,2.4-triazolo[1.5- 
clpyrimidine 

7- (2-chlorophenyl ) -2 { 2-f uryl ) -pyrazolot 4 , 3 -el 1 . 2 ,4- 
triazolo[l,5-c]pyrimidine 

7-phenylethyl-2 ( 2-£uryl ) -py razolot 4 , 3-e 1 1 , 2 , 4-tr ia- 

15 zololl,5-c Jpyrimidine 

7-tert-butyl-2(2-furyl)-pyrazolo[4,3-e]l,2,4-tria- 

zolo[l ,5-c)pyrimidine 

7- ( 2-cyclopentyl )ethy 1-2 ( 2-f uryl ) -pyrazolol 4 , 3-e 1 1 , 2 , 4- 
triazolo[l,5-c]pyrimidine 
20 8-benzyl-2 (2-f uryl )-pyrazolo[ 4 , 3-e ] 1 , 2 , 4-triazolo[ 1 , 5- 
clpyrimidine 

7-benzyl-2(2-furyl>-l,2 f 3-triazolo[5,4-ell.2,4-tria- 
zolotl.S-clpyrimidine 

7- ( 2-f luorobenzyl ) -2 { 2-f uryl ) -1 , 2 , 3-triazolot 5 , 4- 
25 e]l,2,4-triazololl.5-c]pyrimidine 

7- (4 -f luorobenzyl ) -2 ( 2-furyl) -1 , 2 , 3-triazolo[ 5 , 4- 
e]l,2,4-triazoloU,5-c)pyrimidine 

7-butyl-2(2-furyl)-l,2,3-triazololS,4-e]l,2,4-tria- 

zolotl.S-clpyrimidine 
30 7-isopentyl-2 (2-f uryl) -1,2, 3-triazolo[ 5, 4-e] 1,2,4 -tria- 

zolof 1 , 5-c Ipyrimidine 
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7_(2-methoxy)ethyl-2(2-furyl)-1.2,3-triazolo[5,4- 
e ] 1 , 2 , 4 -triazolo 1 1 , 5-c )py rimidine 

7- heptyl-2(2-furyl)-l,2,3-triazolot5,4-eJl,2,4-tria- 

zolo[ 1 , 5-c Jpyrimidine 
5 7-octyl-2(2-furyl)-l,2,3-triazolo[5,4-e)l,2,4-tria- 

zolo( 1 , 5-c Jpyrimidine 

8- benzyl-2(2-£uryl)-l,2,3-triazoloC5,4-e]l ( 2 < 4-tria- 
zolo[ 1 , 5-c Jpyrimidine 

8- (2-f luorobenzyl )-2<2-f uryl )-l, 2 ,3-triazolot 5, 4- 

10 e ] 1 , 2 , 4- triazolo( 1 , 5-c Jpyrimidine 

8- ( 4 -f luorobenzyl ) -2 { 2-f uryl ) -1 , 2 , 3-triazolo( 5,4- 
e ] 1 , 2 , 4-triazolo( 1 , 5-c Jpyrimidine 

8-butyl- 2 { 2-f uryl ) -1 , 2 , 3-triazolo[ 5 , 4-eJ 1 , 2 , 4 -tr ia- 
zolo[ 1 , 5-c Jpyrimidine 
1 5 8-isopen tyl-2 ( 2 -f uryl ) -1 , 2 , 3-tr ia zolo [ 5 , 4 -e J 1 , 2 , 4 -tria- 
zolotl,5-cJpyrimidine 

8-hexyl-2( 2-f uryl )-l , 2 , 3-triazolo[ 5 , 4-e] 1,2 ,4-tria- 
zolo[ 1 , 5-c Jpyrimidine 

8-heptyl-2 ( 2-f uryl ) - 1 , 2 , 3-triazolo [ 5 , 4-e J 1 , 2 , 4 -tr ia- 

20 zolotl, 5-c Jpyrimidine 

8- octyl-2(2-furyl)-l,2,3-triazolot5,4-e]l,2,4-tria- 

zolo [ 1 , 5 -c J py rimidine 

9- benzyl-2(2-furyl)-l,2,3-triazolot4,5-e]l,2,4-tria- 

zolo( 1 , 5-c Jpyrimidine 
25 9- ( 2-f luorobenzyl ) -2 ( 2 -f uryl ) -1 , 2 , 3-triazoloI 4 , 5- 
e Jl ,2 ,4-triazolo{ 1 , 5-c Jpyrimidine 
9-(4-fluorobenzyl)-2(2-furyl)-l,2,3-triazolo[4,5- 

e J 1 , 2 , 4- triazolo [ 1 , 5-c Jpyrimidine 

Example 7 

30 The compounds of formula VII were prepared accor- 

ding to two methods: 
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a) by hydrolysis of compounds of formula VI with dilu- 
ted hydrochloric acid; 

b) by thermal cyclization of heterocyclic ortho-amino- 
nitriles of formula 111 with 2-furoic acid hydrazide in 

5 diphenyl ether at a temperature of 260 °C . 

A) a suspension of the tricyclic compound VI (10 mmols) 
in 10% HC1 (50 ml) is heated to the reflux temperature 
under stirring for 3b. After cooling, the mixture is 
alkalinized with concentrated ammonium hydroxide at 0"C 
10 and the resulting precipitate is recovered by filtra- 
tion or extracted with ethyl acetate (3 x 100 ml), 
dried and evaporated to dryness under vacuum. 

The residue is purified by either crystallization 
from the suitable solvents or chroma tograpbed over a 
15 silica gel column eluting with ethyl acetate and petro- 
leum ether. 

l-t-butyl-4- [ 3 (2-f uryl ) -1 , 2 ,4-triazol-S-yl ] -4-amino-py- 
razole 

l B NMR (C0C1 3 ): 13.9 (sb,lH); 7.8 (s,1H)j 7.7 (s,lH); 
20 6.9 (m,lH); 6.6 (s,1H); 6.1 (s,2H); 1.6 (s,9H). 

B) A suspension of the heterocyclic ortho-amino-nitri- 
les (20 mmols) and 2-furoic acid hydrazide (22 mmols) 
in diphenyl ether (30 ml) is stirred and heated to re- 
flux (260°C) with a Dean-Stark apparatus until the 

25 starting compound has disappeared (TLC, l-2h). After 
cooling, the mixture is diluted with petroleum ether 
and the resulting precipitate is either filtered or se- 
parated by decantation and chroma tographed on a silica 
gel column eluting with 2:1 ethyl acetate and petroleum 

30 ether. 

1-p-f luorobenzyl-4 [ 3 (2-f uryl )-l ,2 ,4-triazol-5-yl 1 -5- 
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amino-l,2,3-triazole: X H NHR (DMSO-dg): 14.5 (s,lH); 
7.8 (s,lH); 7.4-7.1 <m,5H); 6.6 (s,lB); 6.5 (s,2H); 
5.5 (s,2H). 

Example 8 

5 A suspension of the amines of formula VII (10 

mmols) in N-methyl -pyrrolidine (40 ml) is added with 
cyanamide (60 mmols) followed by p-toluenesulfonic acid 
(15 mmols). The mixture is heated to 160 »C with magne- 
tic stirring. After 4h f a second portion of cyanamide 
10 (60 mmols) is added and heating is continued overnight. 
The mixture is then treated with hot water (200 ml) and 
the precipitated solid is filtered, washed with water 
and crystallized from ethanol. If no precipitations 
take place, the solution is extracted with ethyl ace- 
15 tate (4 x 100 ml), the extracts are washed with brine 
(2 x 50 ml), dried and evaporated to dryness under va- 
cuum. The residue is then chromatographed on a silica 
gel column eluting with ethyl acetate. 

in the following, the analytical and spectroscopi- 
cal data of some compounds prepared by this procedure 
are reported: 

5-amino-7-butyl- 2- ( 2 -f uryl ) -py razolo [4,3-e]-l,2,4 -tria- 
zolotl,5-c]pyrimidine (Compound 292). 

M.p. 157-158'C; X H NHR (DMSO-d fi ) • 8.1 (s,lH); 8.0 
25 (s,2H); 7.9 (m,lH); 7.2 (m,lH); 6.7 (ro,lH); 4.2 (t,2H); 
1.9 (m,2H)j 1.5 (m,2H); 0.9 (t,3H). 

5-ami no-8-butyl-2-(2-f uryl) -pyrazolot 4, 3-e 1-1,2 , 4-tria- 
20lo[l,5-c)pyrimidine (Compound 294). 

M.p. 183-185»C; X H NMR (OMSO-dg): 8.6 (s,lH); 8.0 
(S.1H); 7.6 (s,2H); 7.2 (m,lH); 6.7 (m,lH); 4.2 (t,2H); 
1.8 (m,2H); 1.2 (m,2H)j 0.9 (t,3H). 
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5-amino-7-benzyl-2- ( 2-f uryl ) -1 , 2 , 3 -triazolo [ 5 , 4-e) - 
1 , 2 , 4- triazolol 1 , 5-c Ipyrimidine . 

M.p. 295-297°C; L H NMR (DMSO-d g ) : 8.5 (s,2H); 8.0 
(s,lH); 7.3 (m,6H); 6.7 (m,lB); 5.7 <s,2H). 
5 5- a mino-7-o-fluoro-benzyl-2- (2-f uryl) -1,2, 3-tria- 
zolo( 5 , 4-e 1-1 , 2 . 4- triazolol 1 , 5-c Ipyrimidine 
M.p. 310-312»C; X H NMR (DMSO-dg): 8.5 (s,2H); 8.0 
(s,lH){ 7.3 (m,5H); 6.8 <s,lH); 5.75 (s,2B). 
5-amino-7-methyl-2-( 2-f uryl ) -pyrazolol 4 , 3-e 1-1,2 ,4- 
10 triazolo-ll, 5-c Ipyrimidine; m.p. 210-213«C 

5-amino-7-tert-butyl-2-(2-furyl)-pyrazolo[4,3-el-l,2,4- 

triazolo-tl, 5-c Ipyrimidine; m.p. 238-240-C 

5-amino-2- ( 2-f uryl ) -pyrazolof 4 , 3-e 1-1 ,2 , 4-triazolo- 

[1 , 5-c Ipyrimidine; m.p. 248-250»C 
15 5_amino-7-(2-hydroxyethyl)-2-(2-furyl)-pyrazolo[4,3-e]- 

1, 2, 4-triazolo-[l, 5-c Ipyrimidine; m.p. 258-260°C 
5-amino-7-phenyl-2-{2-furyl)-pyrazolo(4,3-el-1.2,4- 

triazolo-[l,5-c]pyrimidine; m.p- 295-297'C 
5-amino-7-isopen tyl-2- (2-f uryl ) -pyrazolo[ 4 , 3-e ) -1 , 2 , 4- 
20 triazolo-ri, 5-c Ipyrimidine; m.p. 208-210»C (Compound 

319) . 

5-amino-8-isopen tyl-2- (2-f uryl ) -pyrazolo { 4 , 3-e 1-1 , 2 , 4- 
triazo lo- 1 1, 5-C Ipyrimidine;. m.p. 2 00- 20 3 »C (Compound 

320) . 

2 5 5- amino-7-phene thy 1- 2 - ( 2 - f u ry 1 ) -py ra zolo [ 4 , 3 -e ] - 1 , 2 , 4 

-triazolo-n, 5-c Ipyrimidine; m.p. 225»C (Compound 341). 
5-amino-7Q-benzyloxyethy 1-2- ( 2-f uryl ) -pyrazolol 4 , 3-e 1 - 
1 ,2, 4-triazolo-tl, 5-c Ipyrimidine. 

5-amino-7-tB-(4-isobutylphenethyl) ]-2-( 2-furyl )-pyra- 
30 zole[4,3-el-l,2,4-triazoletl,5-cJpyrimidine m.p. 207- 

210»C. 
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Example 9 

A suspension of sodium azide (0.23 mole, 15 g) and 
p-fluorobenzyl chloride (0.15 mole, 18.8 ml) in abso- 
lute ethanol (45 ml) is stirred and heated to reflux 
overnight. After cooling, the suspension is poured into 
water (200 ml) and from the solution an oil separates 
which is extracted with ethyl acetate (3 x 100 ml), 
dried over sodium sulfate and evaporated under vacuum 
with a bath temperature below 35°C. The residue (20 g, 
90%) is used directly in the subsequent step, after IR 
checking for the presence of the characteristic band of 
the azido group at 214 0 cm -1 . 

Analogously, starting from fi-phenylethanol tosy- 
late in OMF, the 1-B-phenethylazide is obtained. 
15 Example 10 

p-Fluorobenzyl azide (15.1 g, 0.1 mole) and cyana- 
cetaraide {10.8 g, 0.13 moles) are added in this order 
to a suspension of powdered potassium carbonate (57.5 
g, 0.42 mole) in dimethylsulf oxide (150 ml). 

The mixture is stirred at room temperature for lh. 
The mixture is poured into 3 1 of water and the solid 
which separates is filtered and washed thoroughly with 
water to give 22.47 g (96%) of 1-p-f luorobenzyl-4-car- 
boxamido-5-amino 1 ,2 , 3-triazole. 
25 M.p.: 198-199«C; 1 H NMR (DMS0-d g ). 7.5-7.1 (m,6H); 6.4 
(s,2H); 5.4 (s,2H). 

Analogously, 2-f luoro-6-chlorobenzyl-4-carbossamide-5- 
amino 1 ,2 , 3-triazole; m.p. 230-231«C; 1 H-NMR (DMSO- 
d 6 ): 5.40 (s, 2H); 6.52 (sb, 2H) ; 7.12-7.45 (m, 5H). 
3-fluorobenzyl-4-carboxamido-5-amino 1,2, 3-triazole; 
m.p. 211-211»C ^H-NMR (DMSO-d 6 ): 5.46 (s, 2H) ; 6.47 
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(sb, 2H); 7.00-7.52 (m, 6H). 

2-f luorobenzyl-4-carboxamido-5-amino 1,2, 3-triazole; 
m.p. 195-197*C. 

l-( B-phenylethyl )-4-carboxaraido-5-amino-l , 2 , 3-triazole ; 
5 m.p. 181-183'C; X B-NMR (DMSO-d 6 ): 3.04 (t, 2H) ; 4.35 
<t, 2B); 6.30 (sb, 2H); 7.20-7.47 (m, 7H) are obtained. 

Example 11 

A suspension of 1-p-f luoroben2yl-4-carboxamido-5- 
amino-1, 2, 3-triazole (23.4 g, 0.1 mole) in DMF (100 

10 ml), magnetically stirred at 0'C, is added with 20.8 ml 
(0.2 mole) of POCI3. The solution is stirred for 5' at 
0«C, 10' at room temperature and finally IS 1 at 80°C. 
After cooling, N HC1 (100 ml) is added thereto and the 
resulting solution is refluxed for 5'; upon cooling 1- 

15 p -fluorobenzyl-4-cyano-5-amino-l, 2, 3-triazole (18.54 g, 
90%) precipitates. M.p. 185-186-C; X B NMR (DMSO-d 6 ): 
7.3-7.0 (m,6H); 5.5 <a.2H); IR (KBr): 3400, 3220, 2220. 
1655 cm-1. 

Analogously, the following compounds are obtained: 
20 2-f luoro-6-chlorobenzyl-4-cyano-5-amino-l, 2, 3-triazole; 

m.p. 181-185*C ^H-NMR (DMSO-dg): 5.40 (s, 2H) ; 7.26- 
7.50 (m, 5B). 

3-fluorobenzyl-4-cyano-5-amino-l, 2, 3-triazole; m.p. 195 
-197«C 1 H-NMR (DMSO-d 6 ): S.44 (s, 2H) ; 7.00-7.43 (m, 
25 6H). 

2-f lurobenzyl-4-cyano-5-amino-l ,2 , 3-triazole; m.p.: 195 
-197*C. 

1- ( B-phenylethyl ) -4-cyano-5-amino-l ,2 , 3-triazole ; m.p . 
149-150«C 1 H-NMR (DMSO-dg): 3.04 (t, 2B) , 4.36 (t, 2B) ; 
30 7.03 (sb, 2fl); 7.23-7.28 (m, 5H). 
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Example 12 

A suspension of 1-p-f luorobenzyl-4-cyano-5-amino- 
1,2,3-triazole (20 mmols) and 2-furoic acid hydrazide 
(22 mmols) in diphenyl ether (30 ml) is stirred and he- 
5 ated to reflux (260 # C) with a Dean-Stark apparatus un- 
til the starting compound disappears (TLC, l-2h). After 
cooling, the mixture is diluted with petroleum ether 
and the resulting precipitate is either filtered or se- 
parated by* decantation and chromatographed on a silica 
10 gel column eluting with 2:1 ethyl acetate and petroleum 
ether. 

1-p-f luorobenzyl-4 [3 (2-f uryl )-l , 2 ,4-triazol-5-yl ]-5- 
amino-l,2,3-triazole; m.p. 266-268*C X H NMR (DMSO-d 6 ) : 
14.5 (s,lH); 7.8 (s,lH)f 7.4-7.1 (m,5H); 6.6 <s,lH); 
15 6.5 <s,2H); 5.5 (s, 2H). Analogously, the 1-(B- 
phenyle thyl ) -4 [ 3 ( 2-f uryl ) -1 , 2 , 4- triazol-5-yl ] -5-amino- 

1.2.3- triazole (50%); m.p. 200-202°C 1H-NMR (DMSO-d6): 
3.07 (t, 2H); 4.16 (t, 2H); 5.50 <sb, 2H); 6.61 (s f 
1H); 6.95 (s, 1H); 7.2-7.4 (m # 5H) ; 7.78 (s, 1H) ; 13.8 

20 (sb, 1H) is obtained. 

Example 13 

A suspension of 1-p-f luorobenzyl-4 [ 3 (2-f uryl )- 

1.2.4- triazol-5-yl]-5-amino-l,2,3-triazole (0.32 5 g, 1 
mmols) in N-methyl-pyrrolidone (4 ml) is added with 

25 cyanamide (6 mmols) followed by p-toluenesulf onic acid 
(1.5 mmols). The mixture is heated at 160*C with magne- 
tic stirring. After 4h, a second portion of cyanamide 
(6 mmols) is added and heating is continued overnight. 
The mixture is then treated with hot water (20 ml) and 

30 the precipitated solid is filtered, washed with water 
and crystallized from ethanol. If no precipitations 
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take place, the solution is extracted with ethyl 
acetate (4 x 10 ml), the extracts are washed with brine 
(2 x 5 ml), dried and evaporated to dryness under 
vacuum. The residue is then chroma tographed on a silica 
5 gel column eluting with ethyl acetate to give 105 mg 
(30% yield) of 5-amino-7-p-f luoro-benzyl-2- ( 2-f uryl )- 
1 ,2,3-triazolo[5,4-eH,2,4-tria20lo[l,5-c]pyrimidine 
M.p.: 266-268«C; X R NMR (DMSO-d fi ) : 8.5 (sb, 2H) ; 7.95 
(S, 1H); 7.4-7.1 (ra, 6H) ; 6.7 (s, 1H) ; 5.7 (s, 2H) 

10 (Compound 340). 

Analogously, were obtained: 
5-amino-7-o-f 1 uorobenzy 1-2- (2-f uryl ) -1 , 2 , 3-tr ia- 
zolo[5,4-e]l ,2 ,4-triazolo[l ,5-c]pyrimidine; m.p. 310 C C. 
5-amino-7-benzyl-2-(2-furyl)-l,2,3-triazolo[ 5 ,4-e]- 

15 l,2 # 4-triazolo[l,5-c]pyrimidine; m.p. 295-7 p C. 

5-anvino-7- (2-f luoro-6-chlorobenzyl )-2-(2-f uryl )-l,2,3- 
triazolo5,4-e]l,2 ,4-triazolotl,5-c]pyrimidine; m.p. 
218-220-C; X H-NMR (DMSO-dg): 8.51 (sb, 2H) ; 7.98 (s, 
1E)J 7.55-7.28 (m, 4H) ; 6.77 (m, 1H); 5.73 (s, 2H) . 

20 5-amino-7- (m-f luorobenzyl) -2- (2-f uryl ) 1 , 2 1 3- 

triazolo[ 5,4-e ] 1,2, 4-triazolo[ 1 ,5-c Jpyrimidine ; m.p. 
280-283'Cj 1 H-KMR (DMSO-dg): 8.45 (sb, 2H) j 7.98 (s, 
1H); 7.4-7.1 (m, 5H) ; 6.76 (s, 1H); 5.75 (s, 2H) . 
5-amino-7- ( 8-phenylethy 1 ) -2- ( 2-f uryl ) -1 , 2 , 3- 

25 triazolof 5 , 4-e J 1 ,2 # 4-triazolo[ 1 , 5-c]pyrimidine ; m.p. 
269-271*C; 1 H-NMR (DMS0-dg); 8.4 (sb, 2B) ; 7.98 (s, 
1H); 7.3-7.15 (m, 6H); 6.8 (s, 1H) ; 4.71 (t, 2H); 3.31 
(t, 2H) (Compound 37 6) are obtained. 

Example 14 

30 A suspension of anhydrous potassium carbonate (30 

mmols) in anhydrous DMF (50 ml) is added with 5-amino- 
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4-cyano-tria2ole (20 mmols), prepared according to the 
procedures by Regitz et al. Bull. Soc. Chim. 1975, 
1219, and the mixture is heated to a temperature of 
80 # C for 30 minutes. The suspension is added with p- 
5 fluorobenzyl chloride (25 mmols) and heated for 2 h at 
80 g C. After cooling to room temperature, solvent is 
evaporated to dryness under vacuum and the resulting 
residue is taken up into distilled water (100 ml) and 
extracted "with ethyl acetate (3 x 50 ml). The combined 

10 organic extracts are dried over anhydrous sodium sul- 
fate and evaporated to dryness under vacuum. The resul- 
ting residue is chroma tographed on a silica gel column 
with mixtures of ethyl acetate and hexane, to give 2-p- 
fluorobenzyl-5-amino-4-cyano-2H-l ,2 ,3-triazole (49%) . 

15 M.p.: 127-128*C; Anal. C 10 H 8 FN 5 (C, H, N) ; NMR (DMSO- 
d g ): 7.4-7.1 (m, 4B) ; 6.2 (sb f 2H, changeable with 
D 2 0); 5.45 (s, 2H) . 

Example 15 

A suspension of 2-p-f luorobenzyl-5-amino-4-cyano- 
20 2H-l,2,3-triazole (20 mmols) and 2-furoic acid hydra- 
zide (22 mmols) in diphenyl ether (30 ml) is stirred 
and heated to reflux (260°C) with a Dean-Stark 
apparatus until the starting compound disappears (TLC , 
1 hour). After cooling, the mixture is diluted with 
2 5 petroleum ether and the resulting precipitate is either 
filtered or separated by decantation and 
chromatographed on a silica gel column eluting with 2:1 
ethyl acetate and petroleum ether. 

M.p. : 223-225*C; 2-p-f luorobenzyl-4-l3(2-furyl-l, 2,4- 
30 triazol-5-yl]-5-amino-2H-l,2,3-triazole: *H NMR (DMSO- 
d fi ): 14.6 (sb, 1H) ; 7.86 (s, 1H) ; 7.4-7.1 (m # 5H) ; 6.67 
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(s, 1H); 5.72 (sb, 2H) ; 5.47 (s, 2H). 

Example 16 

A suspension of 2-p-f luorobenzyl-4 [3 (2-furyD- 
1 ,2,4-triazol-5-yl]-5-amino-2H-l,2,3-triazole (0.32 5 g, 
5 1 mraols) in N-methy 1-pyrrolidone (4 ml) is added with 
cyanaraide {6 mmols} followed by p-toluenesulfonic acid 
(1.5 mmols). The mixture is heated to 160°C with magne- 
tic stirring. After 4 hours, a second portion of cyana- 
mide (6 mmols) is added and heating is continued over- 

10 night* The mixture is then treated with hot water (20 
ml) and the precipitated solid is filtered, washed with 
water and crystallized from DMF/H^o. The crystalliza- 
tion mother solution is extracted with ethyl acetate (4 
x 10 ml), the extracts are washed with brine (2x5 

IS ml), dried and evaporated to dryness under vacuum. The 
residue is then chromatographed on a silica gel column 
eluting with ethyl acetate, to give 105 mg (yield 30%) 
of 5-amino-8-p-f luoroben2yl-2- (2-furyl )-l,2 , 3-triazolo- 
I 5,4-e]l ,2,4-triazolo[ 1,5-c] pyrimidine. 

20 M.p.: >285*C; X H NMR (DMS0-d g }: 8.05 (sb, 2H) ; 7.95 (s, 
1H); 7.5-7.2 (m, 6H); 6.75 (s, 1H); 5.84 (s, 2H) 
(Compound 363) . 

Example 17 

A suspension stirred and cooled at 0*C of 80% NaH 
25 (1.5 moles) in anhydrous DMF (30 ml) is added with a 
solution of 4-cyano-5-tosylamino-l ,2 ,3-triazole (1 
mmole) in anhydrous DMF (5 ml). The mixture is left to 
react at room temperature for 1 h, after that p-fluoro- 
benzyl chloride (0.90 mmole) is added. The resulting 
30 suspension is heated at 80°C overnight. The mixture is 
evaporated to dryness and the residue taken up into wa- 
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ter and extracted with ethyl acetate (3 x 30 ml). The 
combined organic extracts are dried over sodium sulfate 
and evaporated to dryness. The oily residue is crystal- 
lized from dioxane/water , to give 1-p-f luorobenzyl-5- 
5 cyano-4-tosylamino-l-H-l,2, 3-triazole in a 56% yield. 

M.p.: 163-165»C; L H NMR (CDC1 3 ) : 7.8-7.7 <m, 2H); 7.26- 
7.05 (m, 7H); 5.49 (s, 2H); 2.37 <s, 3H) . 

Example 18 

l-p-Fluorobenzyl-4-amino-5-cyano-triazole is pre- 
10 pared according to the procedures described by Regitz 
et al. Liebigs Ann. Chem. 1975, 2159-2168, by acid hy- 
drolysis with concentrated sulfuric acid of the 
compound of example 17, at -15 'C. 

M.p.: 105-108°C; 2 H NMR (DMSO-dg): 7.44-7.19 <m, 4H) ; 
15 6.27 (sb, 2H)j 5.51 (s, 2H>. 
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CLAIMS 

1. Compounds of formula I: 



5 




10 

I 

in which: 

A is a pyrazole, imidazole or triazole ring; 

R is hydrogen; c i~ c q alkyl; C 3 -C 7 alkenyl, C 3 -C ? 

15 alkynyl; C 3 _c ? cycloalkyl; C 1 -C 5 alkyl substituted with 
one or more halogen atoms, hydroxy groups, c i«C 4 
alkoxy, C 3 -C ? cycloalkyl, groups of formula -NRjR 2 , - 
CONRjRj- aryl optionally substituted with halogen 
atoms, Cj-c 4 alkoxy groups, alkyl, nitro, amino, 

20 cyano, Cj-c 4 haloalkyl, C 1 -C 4 haloalkoxy, carboxy, car- 
boxyamido; C 7 -C 10 aralkyl in which the aryl moiety can 
be substituted with one or more of the substituents in- 
dicated above for the aryl group; a group of formula - 
(CH 2 ) m -Het f wherein Het is a 5-6 membered aromatic or 

25 non aromatic heterocyclic ring containing one or more 
heteroatoms selected from N, 0, S and m is an integer 
from 1 to 5; 

R lt *2' which are the same or different * are hydrogen, 
C x -c 5 alkyl, C 7 -C 10 aralkyl, phenyl, or taken together 
30 with the nitrogen atom they are linked to, they form an 
azetidine ring or a 5-6 membered heterocyclic ring con- 
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taining one or more heteroatoms such as N, 0, S and n 
is an integer from 2 to 5, with the proviso that, when 
A is a pyrazole or imidazole, R is different from 
f luorobenzyl. 

5 2. Compounds according to claim 1, wherein A is a 
triazole ring. 

3. Compounds according to claim 1, wherein A is a py- 
razole ring. 

4. Compounds according to claim 1, wherein A is an 
10 imidazole ring. 

5. Compounds according to any one of the above 
claims, wherein R is hydrogen, ^-Cg alkyl, aryl or C 7 - 
C 10 ar alkyl, optionally substituted with halogen atoms. 

6. Compounds according to any one of the above claims 
IS wherein R is phenethyl in which the phenyl ring may 

optionally be substituted by one or more substituents 
selected from chlorine, fluorine atoms,, methoxy, nitro, 
cyano, methyl, trifluoromethyl , dif luoromethoxy groups. 

7. A process for the preparation of the compounds of 
20 formula I which comprises reacting a compound of for- 



25 




vn 

wherein R and A are as defined above, with cyanamide. 
8. Pharmaceutical compositions containing as the ac- 
30 tive ingredient one compound of claims 1-6 in admixture 
with an acceptable carrier. 
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